Reciprocal grafts, and applications of gibberellin (GA) and indoleacetic acid (IAA) were used to localize the site of control for stem elongation in cucumber (Cucumis sativus L.). Dwarf and tall plants were reciprocally grafted to determine influence of stems and roots on stem elongation. At 21 days there were no significant differences in length between stems grafted to their own roots and those grafted to roots of the other type. GA3, GA4+7, and IAA were applied to seedlings with and without live apical buds. Seedlings with live apical buds responded to level of added GA, but not to added IAA. GA4+7 was more effective than GA3. Hypocotyls of tall plants responded more to both GA treatments than did those of the dwarves when both types had live apical buds. When either GA4+7 or IAA was applied to seedlings with dead apical buds, elongation of the hypocotyl responded to level of the growth regulator, but there was no difference in response between the dwarf and tall plants.
The mechanism controlling plant dwarfism is unresolved, even though a great deal of research has been done. The site of control seems to be in the stem in pea (7) , squash (3) and tomato (8) . However, rootstocks of normal corn, dwarf apple, and other tree crops control elongation of scions (5, 11) , indicating that roots can be involved in control of stem elongation.
Auxins applied to intact plants rarely affect the elongation of stems because shoots supply enough endogenous auxinlike substances to the elongating tissues (12) . Gibberellins are effective in inducing stem elongation of intact plants, particularly in the case of dwarf mutants (13) . Nevertheless, a substance inhibitory to the GA-induced elongation of dwarf peas was found in higher amounts in dwarf than in tall peas (6) . Hence, control of stem elongation may be the result of a subtle balance among native growth-promoting and growth-inhibiting substances. The purpose of the experiments recorded in this report was to localize the tissues involved in the control of stem elongation in cucumber. ' The investigation reported in this paper (Ky No. 71-10-141) is part of a project of the Kentucky Agricultural Experiment Station and is published with the approval of the Director.
MATERIALS AND METHODS

Plant
Material. An inbred selection of a brachytic dwarf type (K-70) and a tall vine type (Stono) cucumber (Cluciiimis sativus L.) (10) were used in our study.
Grafting. Seedlings of the dwarf and tall types were started in 1200-ml plastic pots containing a sterilized soil mixture consisting of equal parts of loam, perlite, and sphagnum moss. The plants were grown in a greenhouse before the grafting experiments. Cleft grafts were made on 6-week-old seedlings. Rootstocks had three true leaves below the graft union as suggested by Denna (2) . Each graft union was bound with a latex bandage and the scion, including graft union and leaves, was enclosed in a clear plastic bag. The grafted plants were placed under continuous light from cool-white fluorescent lamps in a 25 C room. Light intensity was about 600 ft-c. After 4 days, the plants were moved to a shaded greenhouse and 4 days later the plastic bags were opened at dusk and completely removed the next morning. Lengths of internodes and stems were recorded at the end of 3 weeks of growth in the greenhouse.
Growth Regulators. Seeds were germinated on water-soaked filter paper in Petri dishes. After 24 hr, seeds with radicles protruding were transferred to 80-ml plastic pots containing vermiculite. The pots were subirrigated as needed. They were kept in a growth room, illuminated by cool-white fluorescent tubes. Light intensity at plant level was about 600 ft-c. The seedlings received 16-hr, 30 C photoperiods alternated with 8-hr, 21 C dark periods. One or 2 days after emergence, seedlings were selected for uniformity, and growth promoters were applied.
In the experiment on effects of GA on elongation of hypocotyls of plants with intact apical buds, the test solutions were prepared by dissolving the GA in a few drops of absolute ethanol and making up the required concentrations in 0.05% polyoxyethylene sorbitan monolaurate (Tween 20) . The IAA solutions were made up in 0.05% Tween 20. Hypocotyl lengths, from the soil level to the cotyledonary node, were measured before and 7 days after treatment.
For the experiment to determine elongation of hypocotyls of plants with killed apical buds, the solutions of GA and IAA were made up in 95% ethanol; therefore, 95% ethanol was used as a control treatment. Apical buds were chemically killed by the ethanol present in the solution. In preliminary experiments chemical debudding with ethanol was found to be more uniform and was superior to surgical removal of apical buds from cucumber seedlings. Hypocotyls were measured before and 3 days after treatment. The GA4+ was purchased from (Table I) . Reciprocal grafting did not affect any gross morphological characteristic of either type and there was no apparent incompatibility of tissues at the graft union or restriction in the translocation of metabolites through the graft union.
Growth Regulators. GA4+7 was more effective than GA3 in inducing hypocotyl elongation in both dwarf and tall cucumber seedlings with intact apical buds (Table II) . However, the response by the tall plants was greater than that of the dwarfs. GA-like substances chromatographically similar to GA, and GA, have been detected in exudates from cucumber roots (1).
However, the only GA-like substances found in cucumber shoots are chromatographically similar to GA3 and GA1 (1, 4, 9) . Therefore, these results seem to indicate a lack of direct relationship between endogenous GA-like growth substances and response to exogenous GA3 and GA4+7. Nevertheless, more GA-like growth promoter was found in the dwarf than in the tall cultivar (9) , and this may account for the lower response to exogenous GA. and GA4+7.
Hypocotyl elongation due to IAA applied to seedlings with intact apices did not respond to the auxin dosage nor to plant 2 Mention of a trade name anywhere in this paper is as part of the exact experimental conditions. It does not constitute an endorsement of the product by the Kentucky Agricultural Experiment Station or the United States Department of Agriculture, and does not imply its approval to the exclusion of other products that may also be suitable. Growth of hypocotyls in response to GA,+7 applied to plants with killed apical buds did not differ significantly between the dwarf and tall types (Table III) . However, both types responded to increasing levels of GA. Similarly, hypocotyl elongation in response to IAA did not differ significantly between dwarf and tall plants. Nevertheless, as with GA, both types responded to increasing concentrations of IAA.
The difference in response of dwarf and tall plants (with intact apical buds) to exogenous growth promoters (Table II) , and the lack of such differential response between dwarf and tall seedlings with killed apical buds (Table III) indicates the importance of apical buds in control of stem elongation. Perhaps apical buds of the tall are more efficient than those of the dwarf plants in the utilization of available growth promoters, both endogenous and exogenous. We therefore suggest that the factors which control stem elongation in cucumber are located in the shoot tissue, near the apical bud and they are not differentially affected by metabolites supplied by the roots.
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